In October 1996, the bispectral index monitor (BIS) was introduced to anesthesiologists as a reliable brain function monitor that allowed anesthetic titration over the complete range of cortical activity [1] . In January 2004, the BIS received Food and Drug Administration (FDA) approval for reducing the incidence of intraoperative awareness during general anesthesia [2] .
The BIS algorithm has undergone a number of revisions since 1992 (v1.0). The latest commercially available BIS software (v 4.1 in the unilateral BIS and 1.4 in the bilateral BIS, Covidien, Dublin, Ireland) uses a four-lead (or six-lead) sensor placed on the forehead, and this version shows improved reliability in the sedative range with enhanced artifact recognition/rejection.
In brief, the standard BIS uses a bifrontal montage to evaluate the anesthetic depth on the basis of electroencephalography (EEG). However, this sensor placement is not possible in neurosurgical or plastic procedures that require a frontal approach because the standard application of the BIS sensor would lie in the operative field or interfere with the procedures.
Several alternative BIS montages have been studied previously. One study that compared the fronto-central (Fp1 and Fp2 to CZ) and bifrontal (FPz-At) montages of the BIS found that the trend among the fronto-central placement positions was useful in monitoring the depth of anesthesia; however, the BIS values showed less utility when making comparisons between patients or as a single value [3] . Unfortunately, such frontocentral placement of the BIS sensors would interfere with the operative field in neurosurgical procedures. In addition, a study using an occipital montage specifically for neurosurgical procedures found poor agreement between the frontal and occipital values [4] . Previous versions of the BIS software, however, showed strong correlation between the different placements [5, 6] . A recent study comparing the standard BIS montage with an alternate BIS montage across the nasal bridge demonstrated appropriate agreement between the two montage positions [7] . However, a drawback to a nasal montage would be the requirement for increased eye protection and vigilance because of the close proximity to the inferior aspect of the eye.
The mandibular position represents an alternative sensor placement in cases in which the bifrontal setup is not possible [8] . Lee et al. demonstrated that the mandibular position could represent an alternative position during the anesthesia maintenance period; however, overall BIS values did not show agreement between the standard position and the mandibular position. In addition to the limitations mentioned by the authors, other important limitations include the fact that the mandibular area was not part of the EEG-generating components of the montage but was, rather, higher electromyographic area. All EEG-based monitors currently available, including the BIS for anesthetic depth, had time delays in reacting to anesthesia level changes. The time delay between the mandibular montage and the standard bifrontal montage would be longer than usual. Therefore, the alternative mandibular montage should be used cautiously in neurosurgical cases, in conjunction with additional, standard clinical tools for assessing anesthetic depth.
Although the utility and efficacy of the BIS has been debated [9] [10] [11] [12] [13] [14] , the BIS is an option for avoiding excessively light or deep anesthesia in patients at high risk for adverse outcomes from general anesthesia, and is especially useful for total intravenous anesthesia.
The limitations identified in studies evaluating alternative BIS sensor positions provide useful information for developing future algorithms or sensors for improved BIS reliability.
